Introduction
============

The incidence of a remote cerebellar hemorrhage (RCH) after spinal surgery has rarely been reported,[@B1][@B2][@B3][@B4][@B5][@B6][@B7][@B8][@B9][@B10][@B11][@B12][@B13][@B14][@B15] although an RCH after spinal surgery was first reported in 1981 by Chadduck.[@B7] The pathophysiology of RCHs has not been clearly explained.[@B7] Many of the reported cases of RCH presented with intraoperative dural tearing and an extensiveloss of cerebrospinal fluid (CSF). We reported a case of an RCH that occurred after spinal surgery and reviewedthe literature related to this phenomenon.

Case Report
===========

A 60-year-old woman visited the hospital with pain in her back and both legs, which she had experienced for one year. The initial visual analog scale score for the back pain was 7, and the initial blood pressure was normotensive at 120/80 mm Hg. The patient\'s body mass index was 21.3. Neurologically, her consciousness and orientation were clear. Thoracolumbar kyphosis was revealedon the radiological examination. The Cobb\'s angle was between T12, and the S1 was 6.5 degrees. The T score ofthe lumbar spine on dual energy X-ray absorptiometry was -1.1, as in osteopenia. The lumbar spine magnetic resonance imaging (MRI) revealed lumbarization of the S1 vertebra, degenerative spondylolisthesis at L4/5 and retrolisthesis at L5/S1 ([Figure 1](#F1){ref-type="fig"}).

A complete laminectomy with a Smith-Petersen osteotomy at L4 and L5, a discectomy at L4-5 and L5S1, and L3-4-5-S1 pedicle-screw fixation were performed ([Figure 2](#F2){ref-type="fig"}). There were no accidents perioperatively. The intraoperative motor evoked potentials and the somatosensory evoked potential monitoring of the lower extremities did not show any changes during the surgery. Anti-adhesive agent of Sodium hyaluronate was applied on dura mater. Ten French hemovac drains (Zimmer, Dover, OH, USA) were placed in the sub-muscular space, and the deep fascia, subcutaneous tissue and skin were closed layer by layer with a watertight procedure. Postoperative pain was controlled routinely with an opioid-filled patient controlled analgesia (PCA) pump.

The drains were connected with negative pressure chambers. On postoperative day 1, the patient was comfortable and asymptomatic. However, 530 mL of serosanguinous fluid was present in the surgical drain, and 305 mL and 315 mL were present on the 2nd and 3rd postoperative day, respectively. The patient complained of dizziness and a mild headache on the 3rd postoperative day, and the intravenous PCA was stopped and the hemovac drains were removed. Eight days after surgery, the patient was less responsive as well as diplopic, and she presented with dysarthria and difficulty in maintaining her equilibrium. An urgent MRI revealed a cerebellar hemorrhage in the right cerebellar hemisphere and vermis ([Figure 3](#F3){ref-type="fig"}). The patient underwent bed rest, therapy with fluids, blood pressure control, and close radiological monitoring as well as a thorough rehabilitation program during her hospitalization. A month after the original fusion operation, the hemorrhage was completely resolved, and the patient returned home and was able to walk by herself without support. Her symptoms improved, and finally, she has become neurologically symptom-free.

Discussion
==========

During brain surgery, decreased intracranial pressure followed by a loss of CSF might lead to a caudal shift of the brain and rupture of the venous cortical blood vessel.[@B2] This sequence is hypothesized to be a pathomechanism of postoperative removal of an intracranial hemorrhage. A postoperative RCH is rare, particularly after spinal surgery, since first reported by Chadduck.[@B7] No reports have explained the exact RCH pathomechanism, although several cases of RCH have been reported.

An RCH is characteristically located in the upper vermis and cerebellar sulci, in which the cerebellar draining veins are located. RCH computed tomography findings are typically linear with alternating hyperdensity of blood and hypodensity of cerebellum because the blood collects in the folial subarachnoid spaces and between the folia and the tentorium. This finding was described as the \'zebra sign\'.[@B3]

Most authors suggest that the RCH pathomechanism is related to the venous system and perioperative CSF loss. A hemorrhagic transformation of an arterial ischemic stroke or active arterial bleeding causes more profuse hemorrhaging than a RCH and tends to be unilateral, whereas an RCH is nearly bilateral.[@B1][@B2][@B3][@B4][@B5][@B10] Some authors suggest that the pathomechanism is a hemorrhagic transformation of a venous infarction. In this case, evidence of an infarction could be found on the brain imaging. A loss of CSF causes a caudal descent of the cerebellum, following stretching and tearing of adjacent venous structures; CSF loss leads to hemorrhaging. This hypothetical progression is known as \'cerebellar sag\'.[@B8][@B9][@B10][@B11][@B12][@B13][@B14][@B15] This condition makes tearing of the microcirculation vessels, which is unlikely to produce clinical symptoms and diagnostic imaging signs typical of a stroke. An RCH involves an area larger than that of a single vein and typically does not demonstrate edema or cerebellar swelling; this finding does not conform exactly to the cerebellar sag theory.[@B4]

An RCH is treated surgically or conservatively according to the state of patient. A small RCH could be managed without surgery, with medical treatment including bed rest, therapy with fluids and blood pressure control, which is based on the hemorrhage itself and its complications, not on the occurrence on an infarction.

The prognosis for a patient with an RCH is generally favorable, with transient or mild neurological deficits.[@B2][@B6] Brain imaging is not performed routinely during spinal surgery, andan RCH with mild symptoms such as headache, nausea or dizziness after surgery might be missed. The incidence of an RCH after spinal surgery is difficult to assess, and the occurrence might be higher than reported.

In this case, the patient did not experience definite dural tearing during the surgery. However, a large amount of drainage was found postoperatively. Extensive drainage might be evidence of limited dural tearing that could not be detected during the surgery. Because dural micro-tears could deteriorate fromthe negative pressure of drainage after surgery, sudden increase of drainage volume should be managed carefully including brain investigation.

Conclusion
==========

The possibility of an RCH should be considered for any patient with unexpected neurological deterioration. Minimizing the loss of CSF following dural tearing would help in the prevention of a postoperative RCH.
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![A, B: The lumbar spine magnetic resonance imaging shows lumbarization of the S1 vertebra, degenerative spondylolisthesis at L4/5 and retrolisthesis at L5/S1.](kjn-11-201-g001){#F1}

![Postoperative X-ray (A, B) shows a laminectomy on L4 and L5, with instrumentation from L3 to S1.](kjn-11-201-g002){#F2}

![Axial plane images of the gradient recalled echo sequence (A) revealed a subacute cerebellar hemorrhage postoperatively. Evidence of an infarction or vascular abnormality could not be found on the magnetic resonance angiography (B).](kjn-11-201-g003){#F3}
